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.2012.08Abstract During the investigation Cucumber mosaic cucumovirus (CMV) was isolated from cucum-
ber plants showing virus like symptoms depending on indirect enzyme linked immunosorbant assay
(I-ELISA) and Chenopodium quinoa as local lesion host. Three isolates from the predominant plant
growth-promoting rhizobacteria (PGPR) were isolated from cucumber plants rhizosphere, and
identiﬁed morphologically and physiologically to be related to Bacillus subtilis, Pseudomonas
ﬂuorescens and Azotobacter chroococcum species. The bacterial liquid crude cultures (72 h of age)
and their supernatants were tested for their ability to induce systemic resistance within cucumber
plants (Cucumis sativus L. cultiver Beit Alpha) against CMV infection. Two types of treatment were
carried out: (1) spraying of healthy cucumber plants (carrying 4–5 leaves) and challenging by
mechanical CMV inoculation at time intervals (5–10 days), (2) irrigation, as healthy cucumber seeds
were irrigated with 200 ml from each bacterial culture or their supernatants and inoculated with
CMV 15 days post treatment. Data proved that best results were obtained by treatment of irrigation
with the Azotobacter crude culture, as the number of symptomless plants were 11 out of 30 plants
inoculated, followed by Pseudomonas treated plants which gave eight asymptomatic plants. The
induced resistance was tested using I-ELISA and immunocapture reverse transcription polymerase
chain reaction (IC-RT-PCR) for the detection of CMV coat protein gene (cp), which proved that
the mentioned symptomless plants were virus-free or with a low level of virus infection. Azotobacter
treated plants giving virus-free results revealed the higher peroxidase and b-1,3-glucanase enzyme
activities, 7 U/gm and 500 nktal/gm, respectively. Using gel electrophoresis and in comparison with
control plants, a new protein band was detected in the protected cucumber plant extracts (molecular
weight of about 30 KDa), assuming to be a plant pathogen related protein. Increase in growth.com (A.M. El-Borollosy).
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plant dry weights were 16.1 and 13.8 gm, respectively. Statistical lowest signiﬁcant differences test
(LSD) showed signiﬁcant differences between Azotobacter and Pseudomonas results for biological
data of plant dry weights.
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Cucumber (Cucumis sativus L.) is the main ﬁeld and green-
house vegetable crop of the coastal areas of the Mediterranean
Basin and Middle East (Tognoni and Serra, 2003). Family
cucurbitaceae contains approximately about 90 genera, but
three are widely grown in Egypt, i.e., Cucumis spp. (melon
and cucumber), Citrullus spp. (watermelon) and Cucurbita
spp. (Squash and Pumpkin). In Egypt, cucumber is among
the most important Cucurbitaceous crops and the leading ex-
port vegetable. Unfortunately, cucumber is infected with sev-
eral pathogens and Cucumber mosaic cucumovirus (CMV) is
considered as the major virus infecting such plants in Egypt.
CMV, genus: Cucumovirus, family: Bromoviridae, is one of
the most widespread plant viruses with an extensive host range
infecting about 1000 species including cereals, fruits, vegeta-
bles and ornamentals (Soleimani et al., 2011). The virus is
readily transmitted in a non-persistent manner by more than
75 species of aphids (Palukaitis et al., 1992). CMV is a multi-
component virus with a single stranded positive sense RNA.
RNAs 1 and 2 are associated with viral genome replication
while RNA 3 encodes for movement protein and coat protein.
Numerous strains of CMV have been classiﬁed into two major
subgroups (subgroups I and II) on the basis of serological
properties and nucleotide sequence homology (Palukaitis
et al., 1992; Madhubala et al., 2005). The subgroup I has been
further divided into two groups (IA and IB) by phylogenetic
analysis (Roossinck, 1999).
Pathogenic microorganisms affecting plant health are a ma-
jor and chronic threat to food production and ecosystem sta-
bility worldwide. However, increasing use of chemical inputs
causes several negative effects (Gerhardson, 2002). Further-
more, the growing cost of pesticides and the consumer demand
for pesticide-free food has led to a search for substitutes for
these products. There are also a number of fastidious diseases,
mainly viral and viroid diseases, for which chemical solutions
are ineffective (Shehata and El-Borollosy, 2008). Plant
growth-promoting bacteria (PGPB) are associated with many,
if not all, plant species and are commonly present in many
environments. The most widely studied group of PGPB are
plant growth-promoting rhizobacteria (PGPR) colonizing the
root surfaces (Saharan and Nehra, 2011), i.e., Azotobacter,
Azospirillum, Rhizobium, Bacillus, Pseudomonas and Serratia
(Compant et al., 2005).
Systemic resistance for virus infections can be induced in
plants treated with certain bacteria or with bacterial prod-
ucts, and also by treatment with some chemicals which may
be more risky when compared with bacteria (Bakker et al.,
2003; Shoman et al., 2003). The role of such induced systemic
resistance described by the enhancement of the production of
plant antioxidant protective enzyme, peroxidase (Shoman et
al., 2003), besides the activation of some plant defense genes
producing pathogenic related proteins (PR-Ps), is not wellstudied yet for its mode of action (Shehata and El-Borollosy,
2007).
Many investigators study the effect of PGPR on controlling
plant virus infection, i.e., Bergstorm et al. (1982) showed that
resistance in cucumber against cucumber mosaic virus (CMV)
could be induced by previous treating of plants with
Colletotrichum orbiculare or Pseudomonas syringae. Maurhofer
et al. (1994) studied successfully the effect of Pseudomonas
ﬂuorescens on the resistance of tobacco against tobacco necro-
sis virus (TNV). De Meyer et al. (1999) enhanced the resistance
of tobacco plants against tobacco mosaic virus (TMV) using
Pseudomonas aeruginosa and Ryu et al. (2004) protected
Arabidopsis thaliana plants against CMV infection using
Serattia marcescens.
Therefore, the objective of this investigation is to study the ef-
fect of treating cucumber plants with some isolates of PGPR, on
controlling CMV infection and enhancement of plant growth,
study the enhancement of peroxidase and b-1,3-glucanase
production as an antioxidant plant protecting enzyme, and the
induction of PR-Ps plant genes for protein production.
Materials and methods
Isolation of virus and bacteria
Cucumber mosaic cucumovirus (CMV) was isolated from
cucumber plants showing virus like symptoms (collected from
the open ﬁelds of Faculty of Agriculture, Ain Shams Univer-
sity, Cairo, Egypt). Isolation was performed depending on
I-ELISA (Koenig, 1981) using speciﬁc polyclonal antibodies
(Agdia Inc., USA), and Chenopodium quinoa as local lesion
host. Virus was maintained on Nicotiana tabacum cv. White
Burley under greenhouse conditions (28 C± 2).
On the other hand, three of the predominant rhizobacteria
were isolated from the mentioned cucumber plant rhizosphere.
Media used for isolation were nutrient agar (Thiery and
Francon, 1997), King’s medium B (KMB) (King et al., 1954)
and nitrogen-free Jensen’s medium (Jensen, 1942) (Sigma–
Aldrich Inc., USA) depending on the agar plate dilution
method (Black, 1996).
Bacterial cultures
Three isolates of the most predominant cucumber rhizosphere
bacteria were selected and isolated as pure cultures. Bacterial
colonial properties were determined, and cells were observed
under microscope after proper staining (Gram and spore stain-
ing). Essential biochemical tests were carried out according to
Collins and Lyne (1984). Finally bacteria were identiﬁed
according to Bergey’s Manual (Sneath, 1984; Holt et al.,
1994; Ahmad et al., 2005).
Bacteria were grown separately in nutrient broth or
Ashby’s mannitol media (Jones, 1913) for 72 h/30 C on a
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centrifugation at 5000 rpm/30 min) were used directly for plant
treatment.
Cucumber plant treatment
Treatment of cucumber plants (Cucumis sativus L. cultiver Beit
Alpha) (30 plants for each treatment, each plant carrying 4–5
leaves and planted in a 30 cm diameter pot containing sterilized
planting mixture of 1:1:1 clay: sand: peat moss, w:w:w) with
either crude 72 h bacterial cultures (Bacillus, Pseudomonas and
Azotobacter), their supernatants and with distilled water
(control) was carried out as follows:
(a) Spraying: Healthy cucumber seedlings were sprayed with
bacterial cultures or their supernatants, and then inocu-
lated with CMV at different time intervals (5 and
10 days) post spraying.
(b) Irrigation: Healthy cucumber seeds were irrigated with
200 ml from each bacterial culture or their supernatants.
Irrigation was done with preparations every 3 days till
15 days. After that period of treatment plants were
mechanically inoculated with CMV.
Evaluation of disease assessments and plant growth
characteristics
(a) Biological: Twenty days post virus inoculation plants
were categorized according to symptom development
to: plants showing severe, mild or asymptomatic plants.
(b) Serological: Plants showing different symptom degrees
and controls were evaluated for virus presence using
I-ELISA using CMV speciﬁc polyclonal antibodies
(Agdia Inc., USA).
(c) IC-RT-PCR: Plants that gave negative or low I-ELISA
values were tested for virus presence using IC-RT-PCR
by detecting of CMV cp gene. Immunocapturing and
cDNA synthesis was carried out as described by
Minafera and Hadidi (1994). The following primers
(from Invitrogen Corp., USA) were used according to
(El-Aﬁﬁ et al., 2007):
50ATGGACAAATCTGAATCAAC30 (Sense).
50TCAAACTGGGAGCACCCCAG30 (Antisense).
PCR procedure was carried out as performed by Ghosh
et al. (2002) for cp gene isolation and ampliﬁcation.
(d) Electrophoresis: Cucumber plants giving negative
I-ELISA and PCR results in addition to control plants
were analyzed for soluble proteins by SDS–polyacryl-
amide gel electrophoresis (SDS–PAGE) according to
Laemmli (1970) and Shehata and El-Borollosy (2008).
The bands molecular weights were determined using
Gel-pro analyzer software (Media Cybernetics, USA).
(e) Enzymes activity: Cucumber plants with different symp-
toms degrees and untreated plants were evaluated for
peroxidase and b-1,3-glucanase activities according to
KimandYoo (1996) andAbeles et al. (1970), respectively.
Peroxidase: Leaves were extracted in 0.1 M phosphatebuffer (pH 6.0) with the rate of 0.1 gm leaves per 1 ml buffer,and then centrifuged at 15,000 rpm for 5 min at 4 C. Forma-
tion of tetraguaiacol was performed in a 3 ml reaction mixture
containing: 1 ml of 0.1 M phosphate buffer (pH 6.0), 1 ml of
15 mM 2-methoxyphenol (guaiacol), 1 ml of 3 mM H2O2,
and 15 ll of enzyme extract. Peroxidase activity was
determined at 470 nm with a spectrophotometer (Shimadzu
UV 1201). One unit of peroxidase activity (U) represents the
amount of enzyme catalyzing the oxidation of 1 mol of
guaiacol in 1 min. Note that plant resistance studies were
performed after symptom appearance (about 15 days post viral
inoculation).
b-1,3-glucanase: Leaf samples were extracted in two volumes
of 0.2 M Tris HCl buffer (pH 7.8) containing 14 mM b-mercap-
toethanol. b-1,3-glucanase activity was assayed by incubating
62.5 ll of the leaf homogenate containing the enzyme for 2 h
at 40 C with 62.5 ll of 4% laminarin. The reaction was termi-
nated by heating the sample in boiling water for 10 min. The
amount of reducing sugar was measured spectrophotometri-
cally at 492 nm after reaction with 372 ll of 3,5-dinitrosalicy-
late. Final activity values are reported as nanokatals (nktal),
deﬁned as the enzyme activity catalyzing the formation of
nmols glucose equivalents (Abeles et al., 1970).
(f) Plant growth: Plants from different treatments were left
to grow to 60 days of age for determination of growth
measures (fresh or dry weights). Plants growth measures
differences were statistically analyzed using LSD test
with the aid of SPSS software (SPSS Inc., USA).
Results
Virus isolation
CMV was isolated from naturally infected cucumber plants
showing mosaic and malformation. Collected samples giving
positive I-ELISA results with CMV speciﬁc antiserum were
used for virus biological isolation. Positive CMV samples pro-
duced chlorotic local lesions on C. quinoa 20 days post
mechanical inoculation. Three cycles of local lesions’ isolation
were performed and the last produced lesions were inoculated
on N. tabacum cv. White Burley plants for virus maintenance.
On the other hand, three bacterial cultureswere isolated from
cucumber plant rhizosphere and identiﬁed to the degree of genus
depending on colonial, morphological and physiological
characteristics (Table 1). Results obviously showed that isolate
No. 1 tends tobe similar in character to genusBacillus andnearly
toward B. subtilis. While isolate No. 2 considered as
Pseudomonas ﬂuorescens and isolate No. 3 were similar in
character to genus Azotobacter and toward A. chroococcum.
Evaluation of disease assessments and plant growth
characteristics
(a) Biological: Twenty days post virus inoculation plants
were studied for symptom development and degrees.
Results are demonstrated in Table 2 proving that irriga-
tion with Azotobacter crude culture treatment was the
best as 11 plants out of 30 were asymptomatic, followed
by Pseudomonas which gave 8 asymptomatic plants for
the same treatment.
Table 1 Differential characteristics of the isolated rhizobacteria.
Characteristics and Biochemical tests Isolate number
Bacillus Pseudomonas Azotobacter
Morphology Long rods in chains Short rods Cocci in pairs
Spores +  +
Gram staining +  
Capsule   +
Motility Motile Motile by polar ﬂagellum Motile
Pigments  Fluorescent bluish diﬀusible Brownish undifusible
Oxygen requirements Aerobic, facultative Aerobic Aerobic
Growth temp. (C): 4   
30 + + +
37 +  
41 +  
50   
Growth pH: 4 +  
5.7 + + +
6.8 + + +
9.0 + + +
Growth in NaCl (%): 5 + ± ±
7 +  
10   
Gelatin hydrolysis +  +
Starch hydrolysis +  +
Glucose + + +
Maltose +  +
Manitol +  +
Sucrose + ± +
Citrate + + +
Voges Proskauers (VP) + ND +
Indol   +
Nitrate reduction + + +
+: Positive reaction or good growth, ±: moderate growth, : no growth and ND: not detected.
Table 2 Effect of rhizobacteria treatments on cucumber
plants CMV symptoms.
Bacteria Symptomsa and treatment
Irrigation Spraying
5 10
S M N S M N S M N
B. subtilis C 20 5 5 25 4 1 21 9 0
S 22 5 3 23 7 0 22 7 1
P. ﬂuorescens C 13 9 8 21 7 2 19 9 2
S 18 7 5 20 9 1 20 8 2
A. chroococcum C 10 7 11 19 8 3 20 7 3
S 16 9 5 20 10 2 20 8 2
Controlb 25 4 1 23 7 0 26 4 0
Note: Treatments were irrigation with crude culture (C) or its
supernatant (S) and spraying with (C) or (S) followed by inocula-
tion with CMV at time intervals: 5 and 10 days. Thirty plants were
used for each treatment.
a (S) Severe, (M) mild and (N) no symptoms.
b Controls were plants treated with water.
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Azotobacter and Pseudomonas crude culture irrigation
treatment were selected for I-ELISA test (Table 3).
Controls were cucumber plants irrigated with distilledwater. Seven symptomless plants out of 11 and 4 out
of 8 gave negative I-ELISA values, for Azotobacter
and Pseudomonas, respectively.
(c) IC-RT-PCR: Plants which gave negative I-ELISA values
were subjected to IC-RT-PCR. All cucumber plants irri-
gated with Azotobacter crude culture were found to be
virus-free, while 1 out of 4 plants irrigated with
Pseudomonas culture gave the band of CMV cp gene
(657 bp) but with a lower density compared with control
plants (Fig. 1).
(d) Electrophoresis: This was carried out on cucumber
plants giving negative I-ELISA and IC-RT-PCR results
(from Azotobacter and Pseudomonas crude culture irri-
gation treatments), compared with untreated plants
which gave severe symptoms and healthy plants. Results
proved the presence of a pathogen related protein
(bands of about 30 KDa) which was not observed within
lanes of control plants (Fig. 2).
(e) Enzymes activity: The peroxidase and b-1,3-glucanase
activity tests were performed on cucumber plants treated
by irrigation with Azotobacter and Pseudomonas crude
cultures, in addition to untreated severely infected and
healthy plants. Results proved that Azotobacter treated
plants giving negative I-ELISA and IC-RT-PCR results
have the higher enzyme activity: 7 U/gm and 500 nktal/
gm, while Pseudomonas treated plants gave 4 U/gm and
350 nktal/gm for peroxidase and b-1,3-glucanase
Fig. 1 IC-RT-PCR for cucumber plants giving negative
I-ELISA results for the detection of CMV cp gene in treated
and control cucumber plants. Lane 1–2 and 3–4: plants irrigated
with Azotobacter and Pseudomonas crude culture, respectively.
Lane 5: control plants with severe symptoms. M: Lambda DNA/
EcoRI +HindIII marker (Promega, USA).
Fig. 2 SDS–PAGE for Azotobacter and Pseudomonas treated
cucumber plants giving negative results with I-ELISA and IC-RT-
PCR, Lanes 1 and 2, respectively, control healthy plant (Lane 3)
and infected plant (Lane 4). M: marker protein (Promega, USA).
Table 3 I-ELISA values for mild and symptomless cucumber plants treated by irrigation with crude bacterial cultures.
Symptoms and bacteria Noa I-ELISA values at 405 nm
A. chroococcum mild 7 0.891 + 0.712 + 0.688 + 0.800 + 0.911 + 0.719 +
0.661 +
no 11 0.522 + 0.633 + 0.552 + 0.600 + 0.282  0.231 
0.199  0.122  0.201  0.220  0.291 
P. ﬂuorescens mild 9 0.491 + 0.910 + 0.900 + 0.891 + 0.788  0.699 +
0.942 + 1.011 + 0.922 +
no 8 0.499 + 0.700 + 0.596 + 0.500 + 0.291  0.311 
0.251  0.199 
Untreated severe 3 1.055 + 1.024 + 0.989 +
mild 3 0.891 + 0.789 + 0.992 +
no 3 0.566 + 0.789 + 0.900 +
healthy 3 0.188  0.247  0.200 
Each I-ELISA value was the average of three numbers. +: positive and : negative.
a Number of tested plants.
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values of 1 U/gm and 250 nktal/gm, while no clear
enzyme activity was observed with healthy plants.
(f) Plant growth: Five cucumber plants giving different
symptom degrees from Azotobacter and Pseudomonas
crude culture irrigation treatments were left to grow to
60 days of age. Plants were then tested for dry weights
compared with infected and healthy controls. Data in
Table 4 revealed that Azotobacter treatment gave the
highest values followed by Pseudomonas treatment,
16.1 and 13.8 gm, respectively.
Statistical lowest signiﬁcant difference test (LSD) showed
signiﬁcant variations between Azotobacter and Pseudomonas
results.
Discussion
Plant growth-promoting rhizobacteria (PGPR) are among the
various groups of plant-associated microorganisms that can
elicit a natural plant defense (van Loon and Glick, 2004).
The growing cost of pesticides, particularly in less-afﬂuent re-
gions of the world, and consumer demand for pesticide-free
food have led to a search for substitutes for these chemical
products. There are also a number of fastidious diseases, i.e.,
virus and viroid diseases, for which chemical solutions are
few, ineffective, or nonexistent (Gerhardson 2002). Biological
control and fertilization is thus being considered as an alterna-
tive or a supplemental way of reducing the use of chemicals in
agriculture (Postma et al., 2003).
Three of PGPR were isolated from cucumber rhizosphere
and assumed to be B. subtilis,P. ﬂuorescens andA. chroococcum
depending on some physiological tests and their colonial and
morphological characteristics. The obtained results were com-
pared with those found by Sneath (1984), Holt et al. (1994), Ah-
mad et al. (2005) and Shehata and El-Borollosy (2008) and
found to be in harmony.
The isolated bacteria were used to enhance cucumber
growth and protection against CMV infection by two kinds
of treatments, i.e., irrigation and spraying with either crude
bacterial cultures or their supernatants. This work was in
harmony with what was performed by Shoman et al. (2003),
Shehata and El-Borollosy (2008) and Fletcher et al. (2006).
Table 4 Effect of bacterial treatments on cucumber plants dry weights.
Plant no.a Azotobacter Pseudomonas Controls
Severe Mild No Severe Mild No Infected Healthy
1 8.9 10.2 15.1 7.2 9.8 15.1 6.5 10.5
2 8.5 10.9 14.1 7.8 9.0 13.2 7.9 11.2
3 10.1 11.1 12.9 6.9 10.1 13.8 5.8 9.8
4 9.2 11.2 16.1 8.1 9.5 12.9 6.9 10.0
5 8.4 9.9 13.2 6.5 10.8 13.0 7.0 9.8
LSD between Azotobacter and Pseudomonas: 5%= 9.3, 1%= 12.5.
a Cucumber plants of 60 days age.
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studying a number of asymptomatic plants and developed
symptom degree. Virus absence was proved serologically by
I-ELISA and molecularly by IC-RT-PCR. Azotobacter fol-
lowed by Pseudomonas irrigation crude culture treatment gave
remarkable results by decreasing symptom degree and produc-
tion of an acceptable number of virus free-plants. However,
using of IC-RT-PCR revealed that just one of the I-ELISA
negative plants gave positive PCR results in the form of a band
of CMV cp gene proving that the bacterial treatment may in-
hibit the virus infection and replication with a great extent.
Raupach et al. (1996) and Murphy et al. (2003) found that
tomato plants treated with PGPR (P. ﬂuorescens and
S. marcescens) did not develop initial symptoms 14 days after
CMV inoculation and remained asymptomatic throughout
the experimental period. They proved that no virus antigen
could be detected by ELISA in any asymptomatic treated
plant.
Khalimi and Suprapta (2011) studied the efﬁcacy of
Pseudomonas aeruginosa in inducing plant growth and sys-
temic resistance on soybean against infection with Soybean
stunt cucumovirus (SSV) under greenhouse conditions. They
found that treatment with such bacteria increased plant
growth parameters and peroxidase activity as disease incidence
on treated plants ranged from 15% to 80% compared with
90% to 100% of untreated plants.
Peroxidase and b-1,3-glucanase enzymes activity was stud-
ied in plants giving virus-free results, higher values were ob-
tained with Azotobacter followed by Pseudomonas
treatments, 7 and 5 U/gm and 500 and 350 nktal/gm, respec-
tively, the results were in harmony with those found by
Shoman et al. (2003) and Shehata and El-Borollosy (2008).
The induction of peroxidase activity in plants occurs in re-
sponse to numerous stimuli, i.e., exposure to pathogens, chem-
ical oxidizing agents and mechanical agents (Donald and
Cipollini, 1998). Peroxidase is an important enzyme in the rein-
forcement of plant cell walls, and helps in protein extension to
generate a ﬁrmer matrix material to be a part of the activated
defense response (Jabs et al., 1996; Shehata and El-Borollosy,
2008). Porat et al. (1999) conﬁrmed also the role of b-1,3-glu-
canase in inducing resistance against different pathogens.
Edreva (2005) stated that Pseudomonas ﬂuorescens treated
plants exhibited the highest b-1,3-glucanase and viral inhibi-
tory activitirs.
Results of cucumber plants’ fresh and dry weights were
much higher in treated plants compared with controls,
Azotobacter and Pseudomonas treated plants gave fresh
weights of 106.1 and 100.2 gm, respectively. Statistical analysisof plant growth data showed higher differences between Azo-
tobacter and Pseudomonas treatments.
Investigators studied the effect of PGPR on plant growth
when used in the form of biofertilizer which is mainly per-
formed by indirect means, i.e., ﬁxation of atmospheric nitro-
gen, solubilization of minerals such as phosphorus, and
synthesis of phytohormones (Afzal and Bano, 2008 and
Farzana et al., 2009).
The obtained results recommended the usage of
Azotobacter followed by Pseudomonas for plant growth
promotion and as systemic resistance inducers against viral
infections.
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